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METHOD OF ONLINE PREDICTING
MAINTENANCE OF AN APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates, generally, to a method of
predicting maintenance of an apparatus, and, more particu-
larly, to a method of online predicting maintenance of an

apparatus.
2. Description of the Related Art

With the improvement of semiconductor chip technology,
the feature size 1s keeping decreased from 250 nm to 65 nm,
even less than 45 nm; while the size of silicon wafer 1s
increased from 200 mm to 300 mm. As a result, the cost of
cach mdividual water 1s increasing, and the requirements to
the semiconductor water manufacturing process are stricter.
The semiconductor manufacturing comprises many process
steps including deposition, photolithography and etching
process, etc., wherein the etching process 1s more complex,
because the state of plasma and other parameters during the
etching process have direct intluence upon the result of etch-
ing process. With the feature size decreasing, 1t 1s more and
more important to control and monitor these parameters men-
tioned above. To meet the above requirements, the Advanced
Process Control (APC) technology has been developed.

APC technology mainly includes three aspects, namely
malfunction diagnosis and classification, malfunction predic-
tion, and feedback control.

As for the maintenance of the apparatus, the conventional
method 1s to estimate the time when a maintenance operation
has to be performed by experience, and carrying out periodic
maintenance. In this method, 1n a testing stage of the appara-
tus, the time when a maintenance operation has to be per-
formed 1s estimated by the experimental and processing
results so as to control the use and maintenance of the appa-
ratus. Generally, the dry clean period of the apparatus and the
replacement period of components are obtained using the
determined radio frequency loading time 1n the apparatus.
Such a method may be applied to a process with feature size
having larger width because of lower requirement to accu-
racy. However 1t 1s difficult to use in a process wherein feature
s1ze 15 less than 90 nm.

Using this method, the apparatus maintenance period can
be estimated only by experience, and 1t 1s difficult to predict
which part of the apparatus needs to be maintained accurately
and quantitatively. The preventive maintenance period may
vary with the conditions such as specific process and aging of
the apparatus changing, and 11 the experiential data 1s varied,
the process and the result will be also varied accordingly. Very
long period will result 1n that the change 1n the working
condition 1n process causes the change 1n processing result,
thus leading to the degrading of wafer quality, and reducing,
the throughput rate; on the other hands, very short period will
lead to frequent maintenance, which will affect disadvanta-
geously regular water process, and result 1n wasting time and
decreasing of efficiency.

Another conventional method of predicting the mainte-
nance requirement of the apparatus i1s using an additional
sensor to detect the process, generally, said sensor includes VI
probe (radio frequency voltage, current probe) or FTIR (Fou-
rier transform infrared spectroscopy), etc. In the process,
these sensors are mainly used to detect progress ol process,
which can predict maintenance requirement such as dry clean
and component replacement by the value of plasma or other
processing condition parameters.
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The disadvantages of the conventional methods mentioned
above are that the cost of apparatus 1s 1ncreased, and the

mechanical design of apparatus 1s needed to change so as to
satisly the additional sensor.

SUMMARY OF THE INVENTION

The object of the present invention 1s to provide a conve-
nient method to online predict maintenance and replacement
of components of apparatus, which can predict the period of
maintenance and replacement of components of apparatus
elfectively and accurately without changing the apparatus or
adding any additional components.

The object of present invention 1s achieved by the follow-
ing solutions.

According to one aspect of present invention, a method of
online predicting maintenance of an apparatus having a
chamber and an optical emission spectrometer (OES)
mounted on a side wall of the chamber 1s provided, wherein
the method comprises the following steps: Step A of detecting
information on intensity of spectrum emitted 1in the chamber
during dry clean process, by using the OES; Step B of quan-
tifying a process parameter 1n the process based on an analy-
s1s of detected information on spectrum intensity; and obtain-
ing a changing trend of the process parameter by fitting the
process parameters obtained by detecting and quantifying
many times; and Step C of maintaining the apparatus when a
value of the process parameter exceeds a control threshold set
according to a requirement of the process to the apparatus.
Further, the Step A comprises Step Al: detecting changing 1n
intensity of spectrum emitted during dry clean process many
times by using the OES, and recording stable time required
when intensity of the emitted spectrum detected by the OERS
becomes stable during each clean process. The Step B com-
prises: Step B1, statistically analyzing the stable time
recorded each time to obtain a function relation of said stable
time with an amount of reactant or product during the dry
clean process, and further to determine a changing trend of
process parameter; and Step B2, obtaining a function relation
of the amount of reactant or product with roughness of the
chamber inner wall during the dry clean process, according to
the results detected; and further obtaining a changing trend of
the stable time with changing of the roughness of the chamber
inner walls, so as to obtain a time period of dry clean when the
roughness exceeds a normal range. The Step C comprises:
Step C1 of performing a maintenance operation to an appa-
ratus component 1n the chamber when the 1ntensity of spec-
trum associate with the stable time or the time of dry clean
exceeds the control threshold set according to the require-
ment of the process to the apparatus.

In one embodiment of the present invention, the chamber
turther comprises a chamber liner and/or a quartz window.

In another aspect of the present ivention, a method of
online predicting maintenance of an apparatus having a
chamber and an optical emission spectrometer (OES)
mounted on a side wall of the chamber 1s provided, the
method comprises the following steps: Step A of detecting
information on intensity of spectrum emitted during dry clean
process of the chamber, by using the OES;

Step B of quantifying a process parameter in the process
based on an analysis of detected mmformation on spectrum
intensity; and obtaining a changing trend of the process
parameter by statistically analyzing the process parameters
obtained by detecting and quantilying many times; and Step
C of performing a maintenance operation when a value of the
process parameter exceeds a control threshold set according
to a requirement of the process to the apparatus; wherein, said
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Step A comprises: Step A2 of detecting a changing trend of
the intensity of the emitted spectrum with increasing of num-
ber of waters being processed during the process, by using the
OES. The Step B comprises: Step B3 of obtaining a changing
trend of a pollution degree of an OES window with the chang-
ing of the itensity of the emitted spectrum detected by OES.
The Step C comprises Step C2 of performing a maintenance
operation to the OES window, when the intensity of emitted
spectrum detected by the OES exceeds a control threshold set
according to requirement of the process to the apparatus.

From the above technical solutions provided by the present
invention, it can be seen that the method of present invented
online predicting maintenance of the apparatus uses an inher-
ent OES sensor mounted on the apparatus, and uses OES to
detect the change 1n the intensity of the spectrum emitted 1n
the process; and quantifies the process parameter 1n the pro-
cess, according to the analysis to results detected; and by
statistically analyzing the spectrum intensity detected and
quantified many times, obtains the function relationship of
process parameters with the spectrum intensity; then per-
forms a maintenance operation, when the quantified value of
the process parameter exceeds a control threshold set accord-
ing to the requirements of the process to the apparatus. The
present mvention avoids not only frequent shutdown or the
process drift because of insullicient maintenance due to the
inaccuracy of conventional maintenance period estimated
experimentally; but also changing the apparatus or addition of
any other additional online sensor, thereby decreasing cost.
The production efficiency of processing substrates (such as
s1licon water) 1s increased and the waste substrates caused by
fault process result are avoided, therefore the yield 1is
improved.

The present invention can be applied to maintenance of not
only semiconductor apparatus such as etching apparatus, but
also other apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other aspects and advantages of the imnvention
will become apparent and more readily appreciated from the
following descriptions taken in conjunction with the draw-
ings i which:

FI1G. 1 1s an illustrative view showing the states of compo-
nents 1n the chamber, when the plasma 1impacting the com-
ponents of chamber during substrate processing;

FI1G. 2 1s Curve 1 showing the changing of OES spectrum
intensity with the cleaning time during the dry clean process;

FIG. 3 1s Curve 2 showing the changing of OES spectrum
intensity with the cleaning time during the dry clean process;

FIG. 4 1s a curve showing the changing of the stable time of
OES spectrum intensity reaching stable with the roughness
degree of the mmer wall of chamber during the dry clean
process;

FIG. 5 15 a curve showing the changing of the OES spec-
trum intensity with the increasing amount of the substrates
manufactured during substrate processing.

DETAILED DESCRIPTION OF EMBODIMENTS
OF THE INVENTION

Reference will be made 1n detail to embodiments of the
present mvention. The embodiments described herein with
reference to drawings are explanatory, 1llustrative, and used to
generally understand the present invention. The embodi-
ments shall not be construed to limit the present mvention.
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The same or similar elements and the elements having same
or similar functions are denoted by like reference numerals

throughout the descriptions.

The preferred embodiment of present invention 1s to moni-
tor the information on intensity of the spectrum emitted in
process by using an online OES (Optical Emission Spec-
trograph) so as to obtain damaging level of the components of
the apparatus, thereby predicting the replacement of compo-
nents.

As shown 1n FIG. 1, wherein the OES 1s a sensor indis-
pensable to the semiconductor etching apparatus for end-
point detection, which 1s mounted on a side wall of chamber
1, a quartz window 2 1s disposed on the chamber 1, and liner
3 1s provided inside the chamber 1. During the substrate
etching process (such as silicon wafer), the liner 3, quartz
window 2 and other components 1n the chamber 1 will be
bombed by plasma 4.

The method of online predicting maintenance of an appa-
ratus using the OES comprises substantially the following
steps:

Step 11, detecting information on intensity of the spectrum
emitted during the process by using the OES;

Step 12, quantifying a process parameter in the process
according to analysis of the detecting result; and by statisti-
cally analyzing the process parameter detected and quantified
many times, obtaining a function between the process param-
cter and information on the spectrum 1ntensity;

Step 13, performing a maintenance operation, when the
value of the process parameter exceeds a control threshold set
according to requirements of the process to the apparatus.

The process parameters mentioned above include: the time
when the intensity of the spectrum emitted and detected by
OES gets a stable state in each cleaning process, the number
of substrates (such as silicon water) processed, the number of
substrate (such as silicon wafer) processed, the roughness of
the liner 3 and the quartz window 2, or the pollution degree of
OES window and the like, or other process parameter needed
being analyzed and quantified.

The information on the intensity of OES spectrum refers to
substantially the changing or changing trends of the spectrum
intensity detected by OES, or other information; the relation-
ship between the information on the intensity of OES spec-
trum and the process parameters 1s obtained by experiment or
statistic analysis. The information on the mtensity of OES
spectrum can reflect the state of the components of the appa-
ratus, which should be maintained when the value of the
process parameters exceeds the control threshold, where the
control threshold is set according to the requirement to appa-
ratus 1n the process.

Besides OES, other online sensors can also be used to
online predicting maintenance of the apparatus in the present
invention.

Embodiment 1

The roughness of the quartz window 2 and liner 3 surfaces
will increase under the bombardment of plasma 4, thereby
their surfaces will no longer be smooth. With the process
proceeds, the surfaces will be rougher and rougher. The
roughness refers to that: the surface 1s not entirely smooth,
forming microcosmic topography of small spaced-apart peak
and valley. Generally, the roughness 1s measured by the
Roughness Tester. Moving the Roughness Tester on a surface
ol an object to be detected for a certain distance, the rough-
ness of the object can be obtained by calculating the average
distance between peak and valley on the path of the tester.
When the inner surface of each component are exposed in the
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chamber, by-products of the process will be attached to the
inner surface, and these by-products will become gaseous

during dry clean process aiter each regular process and be
extracted. Thus, during dry clean process, monitoring the
amount of the products or the reactants will obtain the amount
of by-products attached to the inner walls of the chamber 1n
the process. With the roughness of component increasing, the
amount of by-products attached in each process will become
more and more, and the amount of reactants consumed or the
amount of products during the dry clean process will become
more and more too, thus the roughness of the components
may be obtained by measuring the amount of said products
and the reactants.

Using quartz window 2 as an example, the change in inten-
sity of the spectrum of OES during the dry clean process
under different roughness 1s obtained.

FIG. 2 shows the dry clean spectrum when the average
roughness of quartz window 2 1s 0.7 um. The increasing,
segment of the curve shows that by-product in the chamber
reacts, and the stable segment means that the surface has been
cleaned, the stable time t=7.8 s. This time 1s obtained accord-
ing to the duration time of dry clean when the slope of dry
clean spectrum intensity reaches 0.

FIG. 3 shows the dry clean spectrum when the average
roughness of quartz window 1s 2.6 um. The stable time for
clean t=12.0 s.

As shownin FI1G. 4, when using OES to detect the end point
of dry clean process, the relationship between the final stable
time t of dry clean and the roughness of quartz window 2 1s
established, and the time when the quartz window should be
replaced 1s detected, the stable time t, to which the roughness
corresponds to, of dry clean 1s used as the control threshold.
When the final stable time t of dry clean increases and exceeds
the control threshold, it means that the roughness of quartz
window 2 has exceeded a standard value and quartz window
2 should be replaced, thereby the replacement of quartz win-
dow 2 1s predicted in time and accurately.

The method preferably comprises the following steps:

Step 21, detecting the change of the intensity of the emitted
spectrum detected by OES during the dry clean process 1n
chamber 1 many times, and recording the time t for the
intensity of the emitted spectrum detected by OES reaching
stable during each dry clean process.

Step 22, obtaining a relationship between the spectrum
intensity value and the cleaning time, according to the
recorded time t in each detecting step and the amount of
reactant or product during the dry clean process, namely the
spectrum intensity value 1n some specific wavelengths during
the dry clean process.

Step 23, recording detected roughness values of the quartz
window 1n every stage, and obtaining the function relation-
ship of the roughness on the mner walls of component 1n
chamber 1 with the dry clean time t according to the detected
results of roughness.

Step 24, setting a control threshold according to processing
requirements to the chamber component, and when the stable
time t exceeds the control threshold, performing the mainte-
nance operation to the chamber component.

Embodiment 2

The replacement of the OES window may be predicted by
means ol the change of OES spectrum intensity during regu-
lar processes, wherein a certain distance exists between the
OES window and the plasma. This method deals mainly with
the OES window. By-products will fall on the surface of OES
window during the process and this position i1s hard to be
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cleaned 1n dry clean process, thus the OES spectrum intensity
will gradually decrease with the times of the process being
repeated increasing. Therefore the changing trend of average
value of the OES spectrum 1n regular process 1s measured and
a control threshold 1s set, so when the average value goes
below the control threshold, 1t means that the OES window
has been polluted and should be replaced. Thus, the replace-
ment of OES window can be predicted by detecting the
change of OES spectrum intensity.

FIG. 5 shows the relationship between the number of sub-
strates (such as silicon waters) processed with the intensity of
the emitted spectrum detected by OES, when the number of
substrates (such as silicon wafers) increases, the OES inten-
sity will decrease gradually, showing that the OES window 1s
polluted gradually, and when the OES intensity 1s lower than
the control threshold, the OES window should be cleaned or
replaced.

Particularly, the above method comprises the following
steps:

Step 31, detecting the changing trend of the intensity of
emitted spectrum detected by OES with the number of sub-
strates (such as silicon wafers) increases, when the substrates
(such as silicon waters) are processed, as shown in FIG. 5.
Generally, the trend has a simple and linear shape, that 1is,
when the number of substrates being processed 1s increased,
the emitted spectrum 1ntensity will decrease linearly;

Step 52, obtaining a changing trend of pollution degree of
OES window with the emitted spectrum intensity by OES,
according to the changing trend of intensity of the emitted
spectrum detected by OES with the increasing the number of
substrates (such as silicon watfers);

Step 53, setting a control threshold according to the
requirements of the process to the OES quartz window, and
performing maintenance operation to OES quartz window 11
the intensity of the emitted spectrum detected by OES
exceeds said threshold.

The present mvention mainly uses online sensors, detects

and analyzes the process combined with an analysis method
to a single variant or multiple variants, predicts the replace-
ment of component, such as using the OES sensor to detect
the process 1n the apparatus in real time. When the process
proceeds time and time, the changing of OES spectrum dur-
ing dry clean process 1s observed, and associated with the
hardware condition in the chamber. Or the changing trend of
OES spectrum 1s used to obtain the consumption degree of the
chamber hardware, and then the maintenance of chamber and
the replacement of component can be predicted. By this way,
the present invention can avoid to determine the replacement
by experience, and prevent effectively wasting time by chang-
ing component frequently or shifting the process result by
very long replacement time estimated, without adding any
additional component.
The above discussions are used only to provide preferred
embodiments, not to limit the protection scope of the present
invention. Under the above teaching of the present invention,
those skilled 1n the art can modify or amend the embodiments
casily, and these modification or amendments should be also
within the scope of present invention.

What 1s claimed 1s:

1. A method of online predicting maintenance of an appa-
ratus having a chamber and an optical emission spectrometer
(OES) mounted on a side wall of the chamber, comprising:

step A of detecting an intensity of a spectrum emitted

during a dry clean process of the chamber, by using the
OES;

step B of quantifying a process parameter 1n the process

based on an analysis of the spectrum intensity; and




US 8,154,721 B2

7

obtaining a changing trend of the process parameter by
statistically analyzing the process parameters obtained
by detecting and quantiiying many times and obtaiming
function relation between the process parameter and the
intensity of the spectrum; and

step C of performing a maintenance operation when a value

of the process parameter exceeds a control threshold set
according to a requirement of the process to the appara-
tus.

2. The method according to claim 1, wherein said step A
comprises: step Al of detecting an intensity of the spectrum
emitted during the dry clean process many times, by using the
OES, to determine a change 1n the mtensity, and recording
stable time required when 1ntensity of the emitted spectrum
detected by the OES becomes stable during each clean pro-
CEesS.

3. The method according to claim 2, wherein said step B
comprises: step Bl of statistically analyzing the recorded
stable time to obtain a function relation between said stable
time and an amount of reactant or product used during the dry
clean process, and further to determine a changing trend of
process parameter;

step B2 of obtamning a function relation between the

amount of reactant or product and the roughness of the
chamber inner wall during the dry clean process, accord-
ing to the results detected; and further obtaining a chang-
ing trend of the stable time with changing of the rough-
ness of the chamber inner walls, so as to obtain a time
period of dry clean when the roughness exceeds a nor-
mal range.

4. The method according to claim 3, wherein said step C
comprises: step C1 of performing a maintenance operation to
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a component of the chamber when the intensity of spectrum
associated with the stable time or the time of dry clean
exceeds the control threshold set according to the require-
ment of the process to the apparatus.

5. The method according to claim 1, wherein the chamber
comprises a liner and/or a quartz window.

6. A method of online predicting maintenance of an appa-
ratus having a chamber and an optical emission spectrometer
(OES) mounted on a side wall of the chamber, comprising:

step A of detecting an intensity of the emitted spectrum

with increasing of number of substrates being processed
during a process, by using the OES, to determine a
change 1n the intensity;

step B of quantilying a process parameter in the process

based on an analysis of the spectrum intensity; and
obtaining a changing trend of the process parameter by
statistically analyzing the process parameters obtained
by detecting and quantifying many times; and

step C of performing a maintenance operation when a value

of the process parameter exceeds a control threshold set
according to a requirement of the process to the appara-
tus.

7. The method according to claim 6, said step B comprises:
step B3 of obtaining a changing trend of a pollution degree of
an OES window with the changing of the intensity of the
emitted spectrum detected by OES.

8. The method according to claim 7, said step C comprises:

step C2 of performing a maintenance operation to the OES

window, when the intensity of emitted spectrum
detected by the OES exceeds a control threshold set
according to requirement of the process to the apparatus.
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